ABSTRACT
INTRODUCTION
The introduction of fibres into a base metal will give greatly enhanced mechanical properties to the resultant metal matrix composite. These will be dependent on both the properties of the base matrix and the fibre used.
The volume ratio of fibre to matrix will of course also be important as will the interface between fibre and matrix. Some early attempts were made to forecast the resultant composite properties using known properties of the constituents /1-4/. All these theories were initially formulated for continuous fibre composites in which it was assumed the interface played no part.
In a series of papers, Aboudi /5-7/ has extended his Theory of Cells to include both short and particulate fibres. The range of properties that can be predicted is Young's Modulus, Poisson's ratio and shear modulus. It is also possible to predict the composite yield stress and by modelling the plastic behaviour of the matrix to predict the failure stress and the composite stress-strain curve.
Aboudi /8/ has given some indication of how the Theory of Cells may be extended to include fatigue behaviour of a composite material. The work reported here has developed these ideas to estimate the fatigue life of a SiC particulate reinforced aluminium alloy. The assumption made is that the fatigue behaviour of the matrix will be the same as the fatigue behaviour of the bulk homogeneous material, whilst the fibres will fail statistically as they reach their overall failure stress. At most stresses, it is expected that fatigue failure will be due to matrix failure and only at high stresses, when plastic deformation is encountered in the matrix, will failure be caused by the fibres failing.
THEORY OF CELLS
The Theory of Cells (TOC) for short fibre and particulate metal composites has been developed by Aboudi
191.
In the method an elastic matrix is considered which is reinforced by unidirectional fibres of short length.
The fibres are assumed rectangular with dimensions of d|, 1| and h, and arranged in the matrix as shown in In a particulate metal matrix composite h, will have a similar value to 1|.
Given that the arrangement of fibre and matrix is periodic, only one fibre and its surround matrix need be analysed to give a representative section of the composite material. This area is called a cell and is divided into eight sub cells and eight local systems of
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Note that when discussing the position of a sub cell, a superscript notation is used, i.e., σ (υ,1) refers to the fibre whilst, for instance σ 
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If continuity of traction and displacement between appropriate sub cells is assumed, it is possible to calculate the 26 strain microvariables generated by the theory. Once the stresses in each sub cell is calculated, the overall stresses can be found as follows:
where V represents the total volume of the cell, and y(a,P,r) j^g vo ] ume 0 f a particular sub cell.
INELASTIC BEHAVIOUR OF METAL MATRIX COMPOSITES
A typical MMC comprises a fibre that behaves in an elastic manner up to the breaking stress and a matrix that will show the typical elastoplastic behaviour of a ductile material. To model a composite an allowance must be made for the plastic deformation of the ductile matrix. In Aboudi's development of the theory of cells /10/, he used the unified theory of plasticity developed by Bodner and Pardom /11/. In this theory, plasticity is assumed to be always present throughout the loading process. Although rigorous, the Bodner et al. approach adds a level of complexity to the analysis that may not be necessary. In the present study, this has been abandoned in favour of a theory of plasticity proposed by Mendelson 1121, in which the total strain experienced by a stressed material is made up of both elastic and plastic strains. If we consider a one-dimensional direct stress system where i = j = 1, 2, 3, then, using this approach, plastic strain can be assumed to approximate to zero whilst the material is within the elastic region.
Therefore, if σ^ < Υ the total strain can be written as:
Eij (total) -Sij (elastic) ~ Ο jj/E
Once the material suffers plastic deformation the relationship changes to:
^tj (total) ~ ^ij (elastic) ^ij (plastic)
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and Ejj (pi as ,i C ) can be defined as (σ,, -Υ) η /μ; and therefore for σ^ > Υ the total strain is now:
where σ" represents the total stress in the ij direction, Υ is the material yield stress, η and μ are factors which characterise the plastic behaviour of the material.
This approach assumes simple elastic breakdown at the yield stress. For a biaxial loading system the failure theory can be modified to include a shear yield component /13/.
RANDOMLY REINFORCED METAL MATRIX COMPOSITES
The theory developed so far is for unidirectional short fibre and particulate composites where the fibres are aligned in the X, direction, as shown in Fig. 1 . This places severe limitations on the type of systems it is possible to analyse. However, a transformation can be made on the stiffness matrix of each sub cell, using a method first suggested by Arridge /14/. It is found that for a material with randomly distributed fibres, the stiffness matrix reduces to three non-zero elements which are related to the aligned fibre matrix in the following manner: 
FATIGUE FAILURE AND THE THEORY OF CELLS
It can be assumed that fatigue damage will occur when one or more of the sub cells reaches a critical stress level. In a one-dimensional loading system the fatigue failure stress for the matrix material can be obtained from an S/N curve. It may be assumed that any sub cell reaching this stress will be sufficiently fatigue damaged to cause failure of the composite for a similar number of cycles providing the fibre or particle has not reached its critical level. Therefore the matrix is assumed to fail by fatigue similar to the homogenous material.
The fibres however may behave differently. Silicon MPa, the UTS 490 MPa and its elongation at failure was 2%. It would be assumed that a spray formed material would experience some measure of porosity.
TESTING PROCEDURE
Tests were carried out on a PC driven 50 kN. 
RESULTS
The tests were carried out at a constant strain rate with the stress being allowed to vary. In every case tests were not terminated until fracture of the material took place. Fig. 4 and During the experiment carried out on the MMC the Young's modulus was monitored. Table 1 gives the average experimental value of modulus, the Poisson's ratio and the yield stress against the predicted values produced from the Theory of Cells (TOC)
Using the data experimentally obtained on the monolithic material it was possible to predict the fatigue life of the MMC using the Theory of Cells. These predictions are shown in Fig. 8 and Fig. 9 . In Fig. 8, a conventional S/N curve is produced and both the TOC prediction and experimental results are shown. In both cases the stress plotted on the graph is the stress The results for yield and failure stress were somewhat surprising, as it would be expected that the inclusion of particulates in the aluminium would improve both its yield and ultimate strength. However it can be seen from Table 1 It could be assumed that once a particulate has failed, the broken portion is then available to take load.
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This could be true of inclusions that are of significant length but in this case we are not dealing with fibres but particulates and it would seem that failed particulates are not available to take load. This would explain the significant short fall in fatigue life in cyclic stresses above 450 MPa. The broken particulates, rather than taking load, are areas of weakness and cause premature fatigue failure of the composite. As the stress increases, more particulates break, causing more fatigue damage to the material. Failure at these stresses could also be initiated by imperfections in the matrix material itself.
Although this difference between experimental and theoretical fatigue life under gross plastic deformation is of some importance, it must be remembered that this only involves the first thousand cycles of the S/N curve.
Once beyond this the predicted life from the theory of cells is in close agreement with that obtained from experiment. 
